A computer program has been written to solve the equations for sharp boundary magnetohydrodynamic equilibrium of a toroidal plasma in three dimensions without restriction to axial symmetry. The numerical method is based on a variational principle that indicates whether the equilibria obtained are stable. Appli 
As a mathematical model of the Tokamak, Stellarator, or Scyllac plasma containers, we investigate the magnetohydrodynamic equilibrium of a plasma contained in a toroidal region R of space that is separated by a sharp free boundary $ from an outer vacuum region D of finite extent*. No assumption of axial or any other symmetry is made. The plasma is assumed to be a perfectly conducting compressible fluid at constant pressure p and internal energy e = p/(Qy - of the plasma configuration is stationary. For stable equilibrium E must be a local minimum subject to the constraints V -Bj = 0 and Fj = constant. However, E is a maximum with respect to variations of 4, 04, and 42, but a minimum with respect to perturbation of S.
To determine the shape of the free boundary S numerically we apply the idea of paths of steepest descent to this variational principle. We thus introduce an artificial time parameter t that enables us to study questions of both equilibrium and stability with far less computational effort than would be necessary if we examined dependence on the physical time instead.
This allows us to treat three independent space variables x, y, and z as well as the artificial time parameter t simultaneously on the CDC 6600 computer.
We have developed a second order accurate finite difference scheme to solve the free boundary problem that is based entirely on a discrete version of the variational principle, which has a minimax character. The computations are performed on a grid over a fixed cube space. One section of the cube is mapped onto the vacuum and the remainder is mapped onto the plasma, generating a coordinate system that becomes singular along a closed curve inside the plasma that is analogous to the axis in cylindrical coordinates. Difficulties with iterating the free boundary, with approximating Laplace's equation at the axial curve, and with avoiding incompatibility of the Neumann problem for 4', 41, and 4)2 are all handled by the variational principle. The method converges exclusively to equilibria that are physically stable, subject to prescribed periodicity constraints.
To be more precise, let us express x, y, and z in terms of toroidal coordinates r, 0, and r by means of the for- for f, which has a functional character because of the appearance of 4) and q. In our finite difference scheme we handle this equation by applying to it a version of the Lax-Wendroff method, which is second order accurate and introduces very little artificial surface tensiont.
The computer program that implements these ideas has been used to find three-dimensional magnetohydrodynamic equilibria both with and without axial symmetry. It is well correlated with the exact solution for the special case of a cylindrical pinch. In Fig. 1 we exhibit both the helically twisted outer wall and the free surface of a plasma in stable equilibrium that models a Stellarator with no poloidal flux. This is the result of a 1 hr run on the CDC 6600 computer using a grid with 12 mesh intervals in the direction of s, 20 mesh intervals in the direction of 6, and 80 mesh intervals in the direction of P. On a larger computer one should be able to handle finer grids and achieve better resolution for more complicated geometries. An interesting application of the method, now under way, is to try to maximize A = 2p/B2 for a Tokamak of low aspect ratio by permitting the walls to deviate sig- 
